arXivil504.07196v2 [hep-ph] 5 Jun 2015 


MAN/HEP/2015/07, UMD-PP-015-008 


A TeV Scale Model for Baryon and Lepton Number Violation 
and Resonant Baryogenesis 

P. S. Bhupal Dev^ and Rabindra N. Mohapatra^ 

^ Consortium for Fundamental Physics, School of Physics and Astronomy, 

University of Manchester, Manchester MIS 9PL, United Kingdom 
^Maryland Center for Fundamental Physics and Department of Physics, 

University of Maryland, College Park, Maryland 2074.2, USA 

A simple TeV scale model for baryon and lepton number violation is presented, where neutrino 
mass arises via a one loop radiative seesaw effect and B-violation obeys A_B = 2 selection rule. The 
stability of proton is connected to the neutrino mass generation. Matter-antimatter asymmetry is 
generated in this model via resonant baryogenesis mechanism. 


I. INTRODUCTION 

Baryon number {B) violation is an essential require¬ 
ment for understanding the origin of matter in the Uni¬ 
verse according to Sakharov’s criteria [1]. Some rele¬ 
vant questions that arise are: (i) what are the selec¬ 
tion rules for R-violation; (ii) what is the scale of B- 
violation; and (iii) what is the physics associated them? 
At the level of effective theories, the various Standard 
Model (SM)-invariant operators that lead to B-violation 
can be classified according to their mass dimensions [2] 
and they give a rough idea about the mass scales of their 
couplings which make them observable. This provides 
a way to probe very high scales using only low-energy 
experiments. For instance, a typical effective leading 
dimension-6 operator is QQQL which leads to proton de¬ 
cay, e.g. p —> e+TT^. The strength of this operator scales 
like M~'^. Since all searches for this mode of proton decay 
have yielded negative results, it implies that M > 10^® 
GeV or so. This kind of decay mode arises in Grand Uni¬ 
fied Theories (GUTs) such as SU{5) or 5'O(10), and is 
the basis of the common lore that the scale of B-violation 
is very high. 

However, i?-violation could also manifest at low- 
energies in neutron-antineutron (n — n) oscillation [3] 
as well as in di-nucleon decays, e.g. np —)■ and 

pp —i K^K'^ [4, 5] (for a review, see e.g. [6]). These 
processes arise from generic higher dimensional effective 
operators, a typical one having the form URdndnUiidRdR 
with d = 9; the strength of this process, therefore, scales 
like M~^. Due to the high power of M, current limits 
from n—h [7] and dinucleon decay searches [8] put a lower 
bound on the scale M in the few TeV range depending on 
couplings in the theory. This makes it plausible that in 
a detailed ultra-violet (UV)-complete model which leads 
to this operator, the physics of H-violation can be tested 
in laboratory experiments. It is therefore important to 
study TeV-scale UV-complete models for B violation and 
their usefulness for understanding the origin of matter in 
the Universe. 

In this paper, we present a simple extension of the 
SM which provides a unified UV-complete theory for 
the TeV-scale AH = 2 operator and neutrino masses. 
The key features of this model are the addition of right¬ 


handed (RH) Majorana neutrinos Na {a = 1,2,3), a 
color-triplet scalar y that connects them to the quark 
sector and a second inert Higgs doublet rj. The Yukawa 
interactions of the color-triplet generate the effective 
H-violating operator NaURdudn which, in combination 
with the Majorana mass of the RH neutrinos, leads 
to the d = 9, AB = 2 operator URdndnURdRdR. The 
same RH neutrinos, together with the second Higgs dou¬ 
blet, produce a small Majorana mass for the LH neutri¬ 
nos at the one-loop level [9]. Their masses are of order 
TeV and could therefore be searched for at colliders (for 
a review, see e.g. [10]). 

Some of the basic elements of this model are similar 
to the one presented in Ref. [11], where a singlet fermion 
with Majorana mass was added to the SM together with 
a color triplet Higgs field; that helped to generate the 
NaUndudn operator and hence the AB = 2 operator 
for n — n oscillation. However, the singlet fermion of 
Ref. [11] could not be identified with the RH neutrino 
since its Yukawa coupling to SM Higgs would lead to 
catastrophic proton decay, if the RH neutrinos have TeV- 
scale mass. The new ingredient in the present paper is 
to show that by adding a second Higgs doublet and a Z 2 
symmetry which allows the second Higgs doublet to cou¬ 
ple only to the SM singlet fermions, one can now identify 
the singlet fermion as one of the RH neutrinos, which 
along with other RH neutrinos can play a role in gen¬ 
erating the observed light neutrino masses and mixings. 
Also the model can now be embedded in extended gauge 
groups such as S'[/(2)i x {/(Ij/g^ xU{1)b-l and possibly 
in higher groups such as S'O(IO). 

Another new result of this paper is a calculation of the 
matter-antimatter asymmetry in the model, which is now 
generated by a resonant baryogenesis mechanism with 
at least two quasi-degenerate RH neutrinos in the TeV 
range. The baryogenesis can either occur above or below 
the sphaleron decoupling temperature. In the latter case, 
this model provides a concrete realization of the post- 
sphaleron baryogenesis (PSB) scenario [12]. Finally, the 
TeV-scale new particles in this model lead to interesting 
collider signals. 

Our model has the following low energy implications: 
(i) it leads to AB = 2 processes such as pp —> K^K'^ 
[4] as well as n — n oscillation [6] which have observ- 
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able strengths (as in Ref. [11]); (ii) despite the second 
Higgs coupling to Na, the presence of the unbroken Z 2 
symmetry prevents proton decay while allowing the pre¬ 
viously mentioned AB = 2 processes; (iii) light neu¬ 
trino masses in this model arise via one loop seesaw di¬ 
agram [9], which allows much larger Yukawa couplings 
for RH neutrinos than the canonical seesaw [13]; (iv) 
it leads to new collider signals with hnal states of type 
pp —)■ + Qj and pp —)■ 4j at the LHC. Finally, our 

model provides a testable mechanism for the origin of 
matter, which is qualitatively different from those dis¬ 
cussed in Refs. [11, 14-19].^ 

This paper is organized as follows: in Sec. H, we give a 
description of the model; Sec. HI focuses on the AB = 2 
modes such as pp —)■ K~^K^ and n — n oscillation in the 
model; Sec. IV discusses the neutrino mass generation 
at one loop level; Sec. V presents a calculation of the 
baryon asymmetry in the model via resonant baryogene- 
sis; in Sec. VI, we comment on some collider signals and 
in Sec. VH, we conclude with a summary of the results. 


II. DESCRIPTION OF THE MODEL 

We work within the SM gauge group SU{3)c x 
SU{2)l X U{1)y and extend its particle content by the 
addition of three RH neutrinos (Na), an extra Higgs dou¬ 
blet ( 77 ) and an S'{7(2)L-singlet, color-triplet scalar (y) 
with hypercharge Y = -1-4/3.^ We denote the quark 
and lepton doublets of the SM by Qj^ = {uL^dh) and 
= {vL,eL), and singlets by UR,dR,eR; the SM Higgs 
doublet held is denoted by </>. We impose an additional 
Z 2 -symmetry under which Ql, Mi?, di?, Na and rj helds are 
taken to be odd, whereas L, cr, </> and x fields are taken 
to be even. The gauge- and Z 2 -invariant interaction La- 
grangian involving the leptons and the new fields x and 
N in the model is given by 

= h^^aiN ^ N}j -\- ^aj NJ Xa'^R,aj 

+ A'je“^^Xadi?,/ 3 idi?_ 7 j + H.c. (I) 

where a, f3 ,7 are color indices and i,j, a, b are generation 
indices. Note that due to color anti-symmetry, the only 
non-zero A'’s are X '12 13 23 - 

From the Z 2 assignments, it is clear that proton and 
neutron are Z 2 -odd whereas leptons and anti-leptons are 
Z 2 -even. Thus, a single proton decay is forbidden in this 
model, since it will always involve an odd number of lep¬ 
tons in the final state. The presence of the Majorana 
mass terms Mab in the Lagrangian (I) leads to the viola¬ 
tion of lepton number (L) by two units. In conjunction 


^ After this work was completed, we were informed of a related 
study [20] on the implications of the Nudd operator for baryo- 
genesis and collider phenomenology. 

^ We have used the charge convention Q = hh + ^ ■ 


with the effective H-violating operator NuRdRdR, this 
leads to an effective AB = 2 operator which gives rise to 
n — n oscillation, as discussed below. 

The Higgs potential involving the SM Higgs doublet (j) 
and the new doublet 7 in the model is given by [9] 
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( 2 ) 


The mass square of the SM Higgs field </> is negative 
so that it has a vacuum expectation value (VEV), i.e. 
{(fp) = Mwk = 174 GeV, whereas the corresponding term 
for rj is positive, i.e. ( 77 ) = 0. The vanishing VEV of 77 is 
radiatively stable due to the Z 2 -symmetry. In the spirit 
of the model, we take to be in the TeV range and 
also choose > Mjv, since we assume the model to 
represent TeV-scale physics. In the discussion below, we 
will take the following benchmark values for the masses: 

~ 10 TeV and Mjv ~ 1 TeV so that the model is 
testable in colliders as well as in low energy processes. 

The fact that both B and L violation are realized at 
TeV-scale in this model imposes constraints on the vari¬ 
ous couplings in ( 1 ), in order to satisfy the flavor chang¬ 
ing neutral current (FCNC) observations. For instance, 
in order to be consistent with the — Kr mass differ¬ 
ence, we must have A 33 A 23 < 10“^/^. Similarly, Bd — Bd 
and Bs — Bg oscillation observations lead to the con¬ 
straints IA 32 A 32 I ^ ^ 10 “^ respec¬ 

tively. These limits are not very strong because they arise 
only at the one-loop level. From the above discussion, we 
find that we could easily satisfy the FCNC constraints 
by assuming the conservative bounds A( 2 , A 32 < 10 “^ for 

= 10 TeV. The important point to note is that they 
still leave A 33 unconstrained, so that its value could be 
of order ~ 1. This helps in obtaining an observable n — fi 
oscillation as well as the correct baryon asymmetry, as 
we will see below. 


III. B AND L VIOLATION 

The basic sources of B violation are the last two 
terms in Eq. (1) involving A and A'. To see this ex¬ 
plicitly, note that the A' coupling implies that the x-deld 
has B = —2/3. The RH neutrino coupling A together 
with the lepton Yukawa coupling hi, would then conserve 
“baryon number”. However, the term in the 

scalar potential ( 2 ) would then break baryon number. 
Thus the model has B violation even if the RH neutri¬ 
nos did not have a Majorana mass in which case, lepton 
number is still an unbroken symmetry. 

On the other hand, once the RH neutrinos Na have a 
Majorana mass, one could no more assign them a baryon 
number. In this case, both B and L would be broken 
by two units and the two breakings are connected to 
each other. In particular, the Majorana mass terms for 
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FIG. 1: Tree-level diagram for AB = 2 process induced 
by the effective operator (3). All down-type quarks are 
denoted by the generic symbol da. 


Na would break both baryon and lepton number by two 
units. The starting effective B-violating operator in this 
case is NaUfid^du [ 11 ] with a strength 

Oj i 'i Ic 

Cl = NaUR^idRjdR^k + H.c. (3) 

Combining this with the Majorana mass of the RH neu¬ 
trinos, we get an effective AB = 2 operator at tree-level, 
as shown in Fig. 1. Thus in this simple extension of SM, 
AL = 2 implies AB = 2. 

As noted below Eq. (1), due to color anti-symmetry of 
the coupling A', the two down-type quarks coupling to % 
must involve different families. Hence, the leading tree- 
level AB = 2 operator must change strange or bottom 
quantum number by two units. For example, the strength 
of the effective operator with As = 2 is given by^ 


Cab=2 — 


Jik Jmn 1 ^. \ 

e e ur,i) 


^SR^n) + H.C., (4) 



FIG. 2: One loop diagram for n — n oscillation using 
Ab = 2 operator. 


since L is even under this symmetry, the only way it can 
combine with the Z 2 odd URdRdR operator is, when it 
appears together with the Z 2 odd field rj. Since 77 does not 
have a VEV, this operator cannot induce proton decay. 
Note however that the rj field could be pair-produced in 
colliders via SM Z or photon exchange and would lead 
to H-violating final states, as discussed later. 

To get n—n oscillation in this model, one has to convert 
two strange or bottom quarks to two down quarks. This 
will need a As = 2 or Ab = 2 effective interaction. Due 
to the constraints from pp ^ KK life time, the dominant 
contribution comes from the Ab = 2 operator, which can 
be parameterized as (dR'j^bR)'^/A'^. In combination with 
the AB = 2 operator shown in Fig. 1, it gives rise to 
n — fi oscillation at one-loop level, as shown in Fig. 2. 
The strength of this n — fi operator is given by 


(AaiAi3)2Mjv„ , MM 
“ 167r2M4A2 ^\MlJ ■ 


( 5 ) 


where i,j, k, I, m, n are color indices. This As = 2, AH = 
2 operator leads to the di-proton decay pp —>■ 
whose lifetime is constrained to be Tpp^xK > 1-7 x 10^^ 
yr [ 8 ]. In order to translate this bound into bounds on 
couplings, we need to go from six quarks to two pro¬ 
tons. This transition would involve QGD dressing and 
has been discussed in the context of MIT bag models [21] 
as well as lattice models for QGD [22]. Using the same 
dressing factor ^ 10“®, we find that for pp KK de¬ 
cay rate to be consistent with the current experimental 
limit [ 8 ], we must have Ai 2 Aai ^ 10“"^. Thus, we can 
choose A ^2 — 10 “^ to satisfy the di-proton decay con¬ 
straint, while keeping Aai ~ 1 which helps for the pur¬ 
pose of baryogenesis, as discussed in the next section. 

Note that as far as the AB = 1 operator is concerned, 
there is one operator of the form pLuRdRdR induced by 
the exchange of x Na fields. This could have been 
seen from Z 2 invariance of the model: it implies also that 


® There are similar operators involving bR. However, these ones 
are not of interest for our purpose, since they do not lead to 
di-proton decay. 


Using A ~ 10® GeV to satisfy the constraints of Bd — Bd 
mass difference, we find that Tn-n > 3 x 10® sec, as re¬ 
quired by the current limits [7], if (AoiA^g) < 10“^. Note 
that both these couplings are unsuppressed by FGNG 
constraints, and therefore, can be of order ^ 1 , thus 
giving rise to a large n — fi amplitude, which is in the 
observable range of currently planned experiments. 

Due to the fact that the A^’s are identified with RH 
neutrinos, this induces a tree level leptonic H-violating 
process via the diagram shown in Fig. 3. This leads to 
the AB = 2, AL = 2 process pp —>■ K'^K'^vv. However, 
the smallness of the X '12 coupling as assumed above is 
enough to suppress this process to an unobservable level. 


IV. NEUTRINO MASS 

To understand the origin of neutrino mass in this 
model, we first note that the Z 2 symmetry forbids the 
usual Dirac mass term L(j)N. The leading contribution 
to neutrino mass comes from a one-loop graph involving 77 
and Na, as suggested in Ref. [9] and shown in Fig. 4. We 
assume that masses of the 77 Higgs components (denoted 
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FIG. 3: Tree-level diagram for the process pp —>■ KKvv. 
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FIG. 4: One-loop graph for radiative seesaw. 


generically by M^) are much larger than the masses of 
the RH neutrinos Ma- In this limit, the light neutrino 
masses are given by [9] 

( 6 ) 

This implies that we can get the desired neutrino masses 
in the sub-eV range for TeV-scale RH neutrinos if M,, ~ 
10 TeV and Yukawa couplings h ^ 10“^/^ — 10“^^. These 
values of the couplings seem reasonable, as they are com¬ 
parable to some of the lepton Yukawa couplings in the 
SM. We will see below that the assumption of ^ 
is useful in understanding baryogenesis without any si¬ 
multaneous leptogenesis from N decays. Moreover, to 
facilitate resonant baryogenesis, we must have at least 
two quasi-degenerate RH neutrinos, so that there is a di¬ 
rect relationship between the neutrino mass and Yukawa 
couplings: ~ crioophi/hj, where aioop is the one-loop 

factor in Eq. (6), i.e. Oioop ~ 

V. RESONANT BARYOGENESIS 

The baryon asymmetry in this model is directly ob¬ 
tained from the H-violating out-of-equilibrium decay of 
the RH neutrinos. If we assume that ^ Mat^, 

the only decay mode of Na in the early Universe that 
is relevant for baryogenesis is the 3-body decay N —>■ 
undndii via x exchange (cf. Fig. 1), governed by the ef¬ 
fective interaction (3). A non-zero CP-asymmetry can be 
generated due to the interference of the tree-level decay 
graph with the one-loop graphs containing an absorp¬ 
tive part. As in the case of leptogenesis, there are two 


contributions, namely, e'-type GP-asymmetry which is 
dominant in the hierarchical case ^ [23], and 

e-type GP-asymmetry which is dominant in the quasi¬ 
degenerate case [24]. Here we consider the second case 
(cf. Fig. 5), where the GP-asymmetry is resonantly en¬ 
hanced by the RH neutrino self-energy effects [24]. This 
idea is qualitatively different from the mechanisms stud¬ 
ied in Refs. [11, 14-19]. Since the RH neutrino decay 
directly produces a baryon asymmetry in our model with¬ 
out relying on the sphaleron transitions, we call this the 
resonant baryogenesis scenario.^ 

As the Universe evolves, the new heavy particles rj 
and X disappear via decay and annihilation and only 
the quasi-degenerate RH neutrinos remain in equilibrium 
down to the TeV temperature. Their out-of-equilibrium 
decay to three quarks is the dominant source term for 
generating the baryon asymmetry. At tree-level, the to¬ 
tal decay rate for Na —>■ URdndn + C.c. is given by 




1 


5127r3 




■jk\ 


i,j,k 


, 2 ^ 

M4 


( 7 ) 


in the limit ^ Mpf^. For two quasi-degenerate RH 
neutrinos, the interference between the tree-level graph 
with the one-loop self-energy graph (cf. Fig. 5) gives the 
dominant contribution to the GP-asymmetry: 




1 

- 30727r3 M4[(M^^ - + M^F^] 

Z[ij,fc,Z,m,nl4n[(AHA';,)(AiiA;„„)*(A2;Am„)(A2iA'j,)*] 

( 8 ) 


where Mjv is the average mass and F^r is the average 
width. The e-type GP-asymmetry gets resonantly en¬ 
hanced when AMjv = \Mm^ — rAr/2 ^ Mm- 

Such a mass degeneracy could arise naturally, for ex¬ 
ample, due to a symmetry under which Ni and N 2 
have opposite quantum numbers. Glearly, for a given 
set of couplings \ai,X’ai satisfying all the experimental 
constraints, AMm can be arranged such that the CP 
asymmetry is adequate to explain the observed baryon 
asymmetry. For example, with a 1% level degeneracy 
i.e. AMm/Mm O.OI and G(l) couplings, we can get 
e ^ 10“4 from Eq. (8). Due to FGNG and diproton decay 
constraints, the dominant contribution to Eq. (8) comes 
from bdujbdcjbdt-quaih intermediate states in Fig. 5. 

For a given set of model parameters, we should com¬ 
pare the decay rate (7) with the Hubble expansion rate 

P(P) = 1.66v^^ , (9) 

where T is the temperature, g* is the effective relativistic 
degrees of freedom and Mpi = 1.2 x 10^® GeV is the 


4 For a discussion of baryogenesis in the hierarchical case, see [15]. 
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FIG. 5: RH neutrino self-energy diagram responsible for 
resonant baryogenesis in our model. 


Planck mass. Defining a quantity K = > where 

z = Mfq/T, Hjq = H{z = 1) and ({x) is the Riemann 
zeta function, we find that for K > S, the system is in 
the strong washout regime [23], where the final baryon 
asymmetry generated around z = 1 is insensitive to any 
pre-existing asymmetry at z <C 1. For 0(1) couplings 
and = 10 TeV, this is satisfied in our model for Mn > 
10 GeV, and for lower values of M^, it can be achieved 
for lower values of M^r. 

For Mjv ^ Tc — 150 GeV, where Tc is the critical 
temperature below which the electroweak sphaleron pro¬ 
cesses become ineffective [25], the produced baryon asym¬ 
metry will get somewhat diluted due to the sphaleron 
effects. It should be noted here that since the baryon 
asymmetry in our model is produced solely in the RH- 
quark sector, the sphaleron effects do not directly act on 
it, but part of the asymmetry transferred to the LH- 
quark sector will get diluted due to SM Yukawa and 
QCD interactions. There is an additional entropy di¬ 
lution effect due to standard photon production from the 
epoch of Tc to the recombination epoch Tq, at which the 
baryon-to-photon ratio tjab = (n-B — is mea¬ 

sured. Putting these effects together, we find that the 
net dilution factor in our model is d ~ 2.4 x 10“^. Thus, 
we need to produce a primordial baryon asymmetry of 
Vab{Tc) ~ 2.5 X 10“® in order to be consistent with the 
observed value of = ( 6 . 10 ll[!;i]^'() x 10 -i° [26]. 

For Mtv ^ Tc, the produced baryon asymmetry is 
not affected by the sphaleron processes, and hence, the 
only dilution effect is due to the entropy production: 
d ~ gs{To)/gsiT = Mjv), where gs{To) = 3.91 is the ef¬ 
fective degrees of freedom corresponding to the entropy 
density at recombination and gs{T = M^v) depends on 
the RH neutrino mass scale Mm- This scenario provides 
a concrete realization of the PSB mechanism [12]. 

For the thermodynamic evolution of the generated 
baryon asymmetry, we should also take into account the 
washout effects, mainly due to the scattering processes 
NaUR —>■ di?d_R and Nadu —)■ undR, as well as the in¬ 
verse decay undudR —)■ Na, all mediated by The 
thermally-averaged decay, inverse decay and scattering 


® Other scattering processes involving x in the initial state will be 
Boltzmann-suppressed at T < for ^ 


rates are respectively given by 


TMl 

ID^ = - ^TmMMnJT) , 

TT^ 

_ 1 ^ 

2^^“ rf^ ’ 


ISc, = 


T 

647r"i 


ds yfs d-a(s) Ki{-sfs/T) 


( 10 ) 

( 11 ) 

( 12 ) 


where Kn{x) is the n-th order modified Bessel function 
of the second kind, 77 ^^ = V^b — T ^tid a is the 

reduced cross section [27]: 

^(s) = ^/ dt'^\M\^, (13) 

•timin spins 


where s, t are the usual Mandelstam variables and A4 
is the 2 0 2 scattering matrix element. For both the 
processes NcUr —>■ duda and Nadu —)■ uadR, we have 
^min = Mfj —s and tmax = 0. Using Eq. (13), we thus ob¬ 
tain respectively for NaUR —>■ dRdR and NadR —)■ URdR, 


o'oi(s) — 2^ X/ 

'^“2(s) = ^ jAoiAj 


2 (s-Mlf 
4^1 [(,_M2)2+M2r2] ’ ^ ^ 


'jk\ 




{s-M^ ){s + 2M: 


s + Ml 






(15) 


The final baryon asymmetry is obtained by solving the 
following coupled Boltzmann equations: 


dr]N^ 

dz 

drjAB 

dz 


a / 


(16) 

(17) 


where tjab denotes the total baryon asymmetry, i.e. 
summed over all quark flavors. Including the flavor off- 
diagonal effects could lead to an enhanced asymmetry, 
depending on the model parameters [28], but we do not 
discuss it here for simplicity. The various reaction rates 
in Eqs. (16) and (17) are defined using Eqs. (10)-(12): 


Da 

Sa 

Wa 


Hmu-^ 

z 

HMTl-y 

Z 

Hmu^ 


Id,, 


2(7s„i +7s„2) > 

( 7/0 + 27s„i + 27s„2) • 


(18) 

(19) 

( 20 ) 


In Fig. 6, we compare the reaction rates defined in 
Eqs. (10)-(12) for a benchmark case with 0(1) couplings, 
Mm = 3 TeV and M^ = 10 TeV. We find that the 3-body 
inverse decay rate is much smaller than the decay rate, 
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z = MnIT 

FIG. 6 : Comparison of the decay, inverse decay and 
scattering rates. The vertical line is for Zc = Mm/Tc- 


the signal of the canonical type I seesaw [32]. An¬ 

other interesting collider signal is: pp —> qN —> 4j -|- no 
A detailed analysis of these collider signals and the 
relevant QCD background will be presented elsewhere. 

(b) In contrast with the inert doublet model, in our case, 
the 77 ° field is unstable and therefore does not play the 
role of dark matter. 

(c) The contribution to neutrinoless double beta decay in 
this model comes only from the light neutrinos [33] and 
there are no heavy particle contributions. 

(d) This model could be embedded into an SU{2)l x 
17(1)73, X U{1)b-l theory above the scale of M^. This 
is the next minimal anomaly free gauge extension of the 
model. This embedding and its eventual GUT embed¬ 
ding in S'O(IO) is currently under investigation. 


and moreover, the decay rate is dominant over the scat¬ 
tering rates for z ~ Zc, as required for successful baryoge- 
nesis in the strong washout regime. Utilizing the resonant 
enhancement of the CP-asymmetry ( 8 ), we find that the 
required baryon asymmetry can be generated above 
for Mtv ^ 1 TeV, whereas for the post-sphaleron case, 
lower values of M^v are also possible. 

VI. COMMENTS 

Now we make several comments on the phenomenolog¬ 
ical implications of our model, including a brief descrip¬ 
tion of some novel collider signals. 

(a) In usual type I seesaw models, the RH neutrino cou¬ 
ples to the SM Higgs, which acquires a VEV. This leads 
to mixing of iV’s with light neutrinos (for a review of 
the phenomenology of this class of models, see e.g. [29]). 
Thus N production in colliders occurs via the v — N mix¬ 
ing. However, in our model, there is no mixing, so 

the RH neutrinos can only be produced at colliders from 
the 77 ^ decay, where the inert doublet 77 can be 

produced in pairs at the LHC in a Drell-Yan process. In 
the usual inert doublet model [9], if Mtv < M,, as we 
assume here, the final state N would go undetected as a 
missing energy. However, in our model, since N —>■ udb 
is allowed, we can have 77 —>• £jjb if \M^+ — M,oj < Mw- 
This condition is required to satisfy the bounds from T 
parameter in this model [30]. Thus in this parameter 
range, the LHC signal for this model would be i^i^Ajbb. 
For lower mass 77 ’s, e^e“ colliders may be ideal to search 
for this new signal [31]. Note that this is different from 


VII. CONCLUSION 

We have presented a simple TeV-scale model for both 
B and L violation which can provide an understanding 
of neutrino masses without fine tuning of parameters and 
also a resonant baryogenesis mechanism for explaining 
the origin of matter. A supersymmetric version of this 
model is also known to provide a candidate for dark mat¬ 
ter of the universe [11]. The model is testable via its pre¬ 
diction of the AB — 2 processes such as pp —>■ K'^K'^ 
and n — n oscillations. The latter might be observable 
with current and future experimental facilities. A novel 
six jet plus dilepton signal of this model can be searched 
for at the LHC. 
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